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DESCRIPTION 

« 

OPTICAL FIBER FOR IRRADIATION-LIGHT TRANSFER AND LIGHT 
IRRADIATION DEVICE EQUIPPED WITH THE SAME 

<Technical Field> 

This invention relates to an optical fiber for 
irradiation-light transfer which is employed to transfer 
irradiation-light emitted from a light source and also relates 
to a light irradiation device equipped with the same. 

<Related Art> 

In recent years, in a light irradiation device for 
irradiating with illumination light transferred from a light 
source, an optical fiber has been employed for its transfer. 

In a light irradiation device as shown in Fig. -16, light 

emitted from a light source 1 incidents in an optical fiber 
3 through an optical beam control system 2, and the light is 
exited from an exit terminal of the optical fiber 3. The light 
exited from an optical rod 4 provided at the exit terminal of 
the optical fiber 3 is projected onto an tested object 6 through 
a projecting optical system 5, thereby testing the 
optical-electric characteristic of the tested object 6. 

Further, in an illumination device as shown in Fig. 17, 
light emitted from a light source 7 incidents in an optical 
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fiber light guide 8 which is a bundle of optical fiber elements 
and exited from its exit terminal. The exited light is 
projected onto a desired region. 

Patent Reference 1: JP-A-2002-90686 

Patent Reference 2: JP-A-2002-133926 

Patent Reference 3: JP-A-2002- 150820 

Patent Reference 4: JP-A-2002-289016 

Meanwhile, in order that the light transferred by the 
optical fiber is uniformly exited at its exit terminal, the 
optical rod must be connected to the exit terminal of the 
optical fiber, a pressurizing mechanism must be provided for 
applying pressure to the outer periphery of the optical fiber 
light guide, the incidence terminal of the optical light guide 
must be worked out in a concave shape, or a tapered clasp must 
attached for collecting the incidence terminal- of the optical • 
fiber light guide toward the light source. The cost taken 
therefor has greatly increased. Further, such working gives 
gave rise to the transfer loss of light. Particularly, where 
a light emitting diode having a little quantity of light is 
employed as the light source, the exited light having a required 
quantity of light could not be obtained. 

An object of this invention is to provide a light 
irradiation device which can transfer the light from a light 
source to exit the light with a uniform distribution of light 
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quantity without incurring transfer loss and an increase of 
costs . 



<Disclosure of the Invention> 

In order to attain the above object, this invention 
provides : 

an optical fiber for irradiation-light transfer for 
exiting from an exit terminal thereof irradiation light 
incident from an incidence terminal thereof , including: 

an annular portion formed by bending an intermediate 
region thereof in an annular shape; and 

a fixing member for fixing a crossing zone of the annular 
portion. 

Further, this invention provides: 

an optical fiber for irradiation-light transfer for 
exiting- from an- exit terminal thereof -irradiation light 
incident from an incidence terminal thereof, including: 

a partial annular portion formed by partially bending 
an intermediate region thereof in an annular shape; and 

a fixing member for fixing a crossing zone of the partial 
annular portion. 

Further, this invention provides: 

an optical fiber for irradiation-light transfer for 
exiting from an exit terminal thereof irradiation light 
incident from an incidence terminal thereof, including: 
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partial annular portions formed continuously or 
intermittently by partially bending an intermediate region 
thereof in an annular shape. 

Further, this invention provides: 

an optical fiber for irradiation-light transfer for 

exiting from an exit terminal thereof irradiation light 

incident from an incidence terminal thereof, including: 

an intermediate region thereof is formed in a 

» 

three-dimensional annular shape. 

The intermediate region of an optical fiber for 
irradiation-light transfer according to this invention is 
preferably formed in a spiral shape. 

Further, the irradiation light from a plurality of power 
sources may be incident from the incidence terminal . 

Further, the optical fiber for irradiation-light 

transfer may include a- single large diameter optical fiber 

element. 

Further, a bundle optical fiber which includes a 
plurality of optical fiber elements may be coupled with the 
incidence terminal . 

Further, the radius of curvature at the annular portion 
is preferably adjustable. 

Further, the radius of curvature at the annular portion 
is preferably fifty or more times as large as the diameter of 
the fiber. 



Further, the radius of curvature at the annular portion 
is preferably 75 mm or less. 

Further, twice or more wound is preferably formed at the 
annular portion. 

Further, this invention provides: 

a light irradiation device including: 

a light source ; 

an optical fiber for transferring irradiation light from 
the light source; and 

the optical fiber for irradiation-light transfer as 
described above . 

Additionally, the optical fiber for irradiation-light 
transfer may be provided inside a case, or may be provided 
outside the case . 

- <Brief Description of the Drawings>- - 

Fig. 1 is a side view of an optical fiber for 
irradiation-light transfer according to an embodiment of this 
invention. 

Fig. 2 is a sectional view of an optical fiber for 
irradiation- light transfer . 

Fig. 3 is a sectional view of a crossing zone at an annular 
portion . 

Fig. 4 is a sectional view for explaining another fixing 
member at the crossing zone. 
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Fig. 5 is a view showing the output distribution of 
incident light and exit light. 

Fig. 6 is a side view of an optical fiber for 
irradiation-light transfer equipped with an annular portion 
wound by a plurality of number of turns. 

Fig. 7 is a side view of an optical fiber for transferring 
a partial annular portion. 

Fig. 8 is a side view of an optical fiber for 
irradiation-light transfer with partial annular portions 
formed alternately . 

Fig. 9 is a perspective view of an optical fiber for 
irradiation-light transfer equipped with a three-dimensional 
annular portion. 

Fig. 10 is a side view of an optical fiber for 
irradiation-light transfer, which shows an incident 
s t r u c-t ur e -. • • • 

Fig. 11 is a side view of an optical fiber for 
irradiation-light transfer, which shows another incident 
structure . 

Fig. 12 is a schematic view showing a light irradiation 
device according to an embodiment of this invention. 

Fig. 13 is a schematic structural view of a light 
irradiation device having another structure. 

Fig. 14 is a graph showing the relationship between the 
radius of curvature at an annular portion and uniformity of 
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exit light. 

Fig. 15 is a graph showing the relationship between the 
number of turns of bending and uniformity of exited light. 

Fig. 16 is a schematic constructive view for explaining 
a conventional light irradiation device equipped with an 
optical fiber. 

Fig. 17 is a schematic constructive view for explaining 
a conventional illumination device equipped with an optical 
fiber . 

As regards the reference numerals and symbols in the 
drawings, 11, 21 denote an optical fiber for irradiation-light 
transfer; 11a, 21a denote an incidence terminal; lib, 21b 
denotes an exit terminal; 14 denotes an annular portion; 15, 
17 denote a fixing member; 31, 34 denote a light source; 32 
denotes an optical fiber element; 33 denotes a bundle of optical 
fibers; 41, 51 denote a light irradiation device; and 42, 52 
denote a case. 

<Best Mode of Carrying out the Invention> 

Hereinafter, referring to the drawings, an explanation 
will be given of the best mode of carrying out the invention. 
Fig. 1 is a side view of an optical fiber for irradiation-light 
transfer according to an embodiment of this invention. Fig. 
2 is a sectional view of an optical fiber for irradiation-light 
transfer. Fig. 3 is a sectional view of a crossing zone of 
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an annular portion. Fig. 4 is a sectional view for explaining 
another fixing member at the crossing zone. Fig. 5 is a view 
showing the output distribution of incident light and exit 
light. 

As shown in Fig. 1, an optical fiber 11 for 
irradiation-light transfer has an incidence terminal 11a at 
the one end and an exit terminal lib at the other end. 

The optical fiber 11 for irradiation-light transfer, as 
shown in Fig. 2, is a single large diameter optical fiber 
element including a core 12 and a clad 13. This element has 
a larger area percentage of the core 12 to the clad 13 than 
the optical fiber element for signal transfer has. 

The optical fiber 11 for irradiation-light transfer has 
an annular portion 14 bent in an annular shape in its 
intermediate region. The crossing zone at the annular portion 
14 is- fixed by a fixing member - 15. - - 

As shown in Fig. 3, the fixing member 15 includes a holding 
segment 15a formed in a U-shape and fixing segments 15a formed 
at both ends thereof. With the crossing zone of the optical 
fiber 11 for irradiation-light transfer at the annular portion 
being arranged within the holding segment 15a, the fixing 
member 15 secures the crossing zone of the optical fiber 11 
for irradiation-light transfer by fixing the fixing segments 
15b to e.g. a bottom plate 16 of a device. The curvature of 
the optical fiber 11 for irradiation-light transfer at the 
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annular portion can be easily adjusted by alleviating the fixed 
state by the fixing member 15. 

Now, the radius of curvature of the optical fiber 11* for 
irradiation-light transfer at the annular portion 14 is set 
at 75 mm or less. Further, in order to prevent the optical 
fiber 11 for irradiation-light transfer from being broken or 
damaged, the radius of curvature at the annular portion 14 is 
preferably fifty or more times as large as the diameter of the 
optical fiber 11 for irradiation-light transfer. 

Incidentally, the fixing member 15 should not be limited 
to the member as described above, but may be replaced by a fixing 
member 17 of a tying band which ties the crossing zone of the 
optical fiber 11 for irradiation-light transfer at the annular 
portion . 

This fixing member 17 includes a band segment 17a wound 
around the optical fiber 11 for irradiation-light transfer and 
a securing segment 17b which secures the band segment 17a to 
maintain the tied state of the optical fiber 11 for 
irradiation-light transfer. The securing zone 17b has an 
engaging segment 17c to be engageable in a slot or the like 
formed in the bottom plate 16 of the device. 

In the optical fiber 11 for irradiation-light transfer 
constructed as described above, as shown in Fig. 5(a), even 
if there are variations in the distribution of light quantity 
in the irradiation light incident from the incidence terminal 



11a, the variations in the distribution of light quantity are 
eliminated at the annular portion 14 bent in an annular shape 
so that the light quantity of the irradiation light exited from 
the exit terminal lib is uniformly distributed. 

As described above, in accordance with the optical fiber 
11 for irradiation-light transfer related to the above 
embodiment, the annular portion 14 bent in the annular shape 
is provided in the intermediate region and the crossing zone 
at the annular portion 14 is fixed by the fixing member 15. 
For this reason, even if there are variations in the 
distribution of light quantity in the incident light from the 
incidence terminal 11a, the variations in the distribution of 
light quantity can be surely eliminated at the annular portion 
.14. Thus, the light with the uniform distribution of light 
quantity can be exited from the exit terminal lib. 

Accordingly', without incurring transfer loss and an 

increase of costs, it is possible to transfer the light emitted 
from the light source and exit the light with a uniform 
distribution of light quantity. This is particularly 
preferable for the case where the light from the light emitting 
diode having a little quantity of light is transferred. 

Additionally, in the above embodiment, the optical fiber 
11 for irradiation-light transfer is bent only once in the 
annular shape to form the annular portion 14, but the optical 
fiber 11 for irradiation-light transfer may be bent not once 
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but twice or more at the annular portion 14, as shown in Fig. 
6. By increasing the number of turns of bending at the annular 
portion 14, the distribution of light quantity in the light 
exited from the exit terminal can be made more uniform. 

Further, as shown in Fig. 7, even where the annular 

portion is not formed in a complete annular shape over 360 °, 
this invention can be realized. In Fig. 7 , a partial annular 
portion 14A bent partially in the annular shape is formed. An 
example of the bending angle of the partial annular portion 

14A is 0 = 270 °. The crossing zone of the optical fiber 11 
for irradiation-light transfer is fixed by the fixing member 
15A to maintain the partial annular portion 14A. 

Further, as shown in Fig. 8, also where the optical fiber 
11 for irradiation-light transfer is formed in a corrugated 
shape so that partial annular portions 14B each bent partially 
-in the- annular shape- and the partial annular portions- 1-4B' 
inverted from the partial annular portions 14B are alternately 
formed, the distribution of light quantity in the light exited 
from the exit terminal lib can be made uniform. These partial 
annular portions 14B, 14B' may be inserted and fixed in a groove 
formed in a partial annular shape in the member 15, may be fixed 
to the member 15 using an adhesive material, or may be 
maintained by a plurality of fixing members 15C. 

The shape of the partial annular portions is not limited 
to the corrugated shape, but may be realized in various shapes 



11 



as long as the distribution of light quantity in the light 
exited from the exit terminal lib can be made uniform. The 
partial annular portions may be formed continuously or 
intermittently to give a desired bending angle . From the point 
of view of uniformity of the distribution of light, quantity, 
it is desirable that the total bending angle of the partial 

annular potions is about 720 ° or more. 

The annular portion or partial annular portion of the 
optical fiber for the irradiation-light transfer according to 
this invention should not be limited to a two-dimensional shape 
as described above, but may be a three-dimensional shape. In 
Fig. 9, as an example of the three-dimensional shape of the 
annular portion or partial annular portion, the annular portion 
having a spiral shape is shown. In this example, the optical 
fiber 11 for irradiation-light transfer is continuously wound 
around the-sur f ace of- a -cylindrical or round-bar -cor e ma ter i al- 
to form a spiral three-dimensional annular portion 14C. The 
method for fixing the three-dimensional annular portion 14C 
should not be particularly limited. The annular portion 14C 
may be fixed by applying an adhesive material on the surface 
of the core material, or may be inserted/fixed in e.g. a spiral 
groove formed in the core material 20. Further, the 
three-dimensional shape may be maintained by the plurality of 
fixing members 1 5C as shown in Fig . 8 . In the case of the spiral 
annular portion 14C, the number of two or more turns of winding 



permits the distribution of light quantity can be maintained 
uniformly. 

Next, an explanation will be given of an incidence 
structure for incidenting irradiation-light into an optical 
fiber for irradiation-light transfer. 

Fig. 10 is a side view of an optical fiber for 
irradiation-light transfer which shows an incidence 
structure . 

As shown in Fig. 10, at the incidence terminal 11a of 
the optical fiber 11 for irradiation-light transfer, light 
sources 31 which are a plurality of light emitting diodes are 
arranged toward the incidence terminal 11a. 

By adopting such an incidence structure, light from the 
plurality of light sources 31 is incident on the incidence 
terminal 11a of the optical fiber 11 for irradiation-light 
transfer.- Now,- the light incident on the incidence terminal- •• 
11a generates variations in the distribution of light quantity 
owing to the variations in the light quantity of each light 
source or its inclination to the incidence terminal 11a. 
However, the variations in the distribution of light quantity 
are eliminated at the annular portion 14 bent in the annular 
shape. Thus, from the exit terminal lib, the light with the 
light quantity nearly uniformly distributed is exited. 

By providing the plurality of light sources 31 as 
described above, even if some of these light sources 31 do not 
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light, the light can be surely exited from the exit terminal 
of the optical fiber 11 for irradiation-light transfer. In 
addition, the distribution of light quantity of the exited 
light can be made uniform. 

Fig. 11 is a side view of the optical fiber for 
irradiation-light transfer which shows another incidence 
structure . 

As shown in Fig. 11, a bundle optical fiber 33 which 
includes a plurality of optical fiber elements is coupled with 
the incidence terminal 11 of the optical fiber for 
irradiation-light transfer. The light from each of light 
sources 34 is incident on each of the optical fiber elements 
of the bundle optical fiber 33. 

By adopting such an incidence structure, the light from 
the bundle optical fiber 33, which includes the plurality of 
optical -fiber elements -32 on which the- light from the- light • • 
sources 34 is incident, is incident on the incidence terminal 
11a of the optical fiber 11 for irradiation-light transfer. 
Now, the light from the bundle optical fiber 33 incident on 
the incidence terminal 11a generates variations in the 
distribution of light quantity owing to the variations in the 
light quantity of each light source 34. However, the 
variations in the distribution of light quantity are eliminated 
at the annular portion 14 bent in the annular shape. Thus, 
from the exit terminal lib, the light with the light quantity 
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nearly uniformly distributed is exited. In addition, since 
the bundle optical fiber 32 composed of the plurality of optical 
fiber elements 32 is coupled, even if some of the optical fiber 
elements 32 are broken, the light can be surely exited from 
the exit terminal of the optical fiber 11 for irradiation-light 
transfer. In addition, the distribution of light quantity of 
the exited light can be made uniform. 

Next, an explanation will be given of an light 
irradiation device according to an embodiment of this 
invention. 

Fig. 12 is a schematic view of a light irradiation device 
according to an embodiment of this invention. 

As shown in Fig. 12, a light irradiation device 41 
incorporates the optical fiber 11 for irradiation-light 
transfer inside a case 42. 

The crossing- zone at the annular portion-14- of the optical - 

fiber 11 for irradiation-light transfer is fixed to a part of 
the case 42 by the fixing member 15. 

The bundle optical fiber 33 which includes the plurality 
of optical fiber elements 32 is coupled with the incidence 
terminal 11a of the optical fiber 11 for irradiation-light 
transfer. The light from each of the light sources 34 is 
incident on each of the optical fiber elements 32 of the bundle 
optical fiber 32. 

Further, the exit terminal lib of the optical fiber 11 



for irradiation-light transfer is fixed to the one side of the 
case 42 and its end face is exposed externally. 

In this light irradiation device 41, the variations in 
the light quantity of the light from the bundle optical fiber 
33 are made uniform at the annular portion of the optical fiber 
11 for irradiation-light transfer. Thus, from the exit 
terminal lib, the light with the light quantity nearly 
uniformly distributed is exited. Further, since the optical 
fiber 11 for irradiation-light transfer is arranged inside the 
case 42 and so protected, from the exit terminal lib of the 
optical fiber 11 for irradiation-light transfer, uniform light 
can be always exited. 

Fig. 13 is a schematic structural view of a light 
irradiation device having another structure. 

As shown in Fig. 13, in this light irradiation device 
51,~ the bundle- optical fiber 33 which includes- the -plurality 
of optical fiber elements 32 is provided inside a case 52. The 
light from each of the light sources 34 is incident on each 
of the optical fiber elements 32 of the bundle optical fiber 
33. 

The one end of the bundle optical fiber 33 is fixed to 
the one side of the case 52 . Further, in this light irradiation 
device 51, the incidence terminal 11a of the optical fiber 11 
for irradiation-light transfer is coupled with the one end of 
the bundle optical fiber fixed to the one side of the case 52. 
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In the case of the light irradiation device 51 also, 
variations in light quantity of the light from the bundle light 
fiber 33 are made uniform at the annular portion 14 of the 
optical fiber 11 for irradiation-light transfer. Thus, the 
exit terminal lib, the light with the light quantity 
distributed nearly uniformly is exited. In addition, since 
the optical fiber 11 for irradiation-light transfer is provided 
outside the case 52, the internal structure of the case can 
be simplified and the device can be miniaturized. Further, 
the optical fiber 11 for irradiation-light transfer can be 
easily replaced by another one. 

<<Example 1>> 

(Relationship between the radius of curvature and 
uniformity) 

Checking is done for the uniformity of the light exited 

from- the exit terminal lib when the radius of -curvature at -the 

annular portion 14 of the optical fiber 11 for 
irradiation-light transfer having a diameter of 0.88 mm is 
changed. The checking result is shown in Fig. 14. It should 
be noted that the uniformity is given on the basis of the 
following equation . 

Equation: uniformity = (maximum value of light quantity 
- minimum value of light quantity)/ average value of light 
quantity 

As understood from Fig. 14, it is found that by decreasing 
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the radius of curvature at the annular portion 14, the 
uniformity of the exited light is increased. As seen from Fig. 
14, if the uniformity of 80 % or more is required, the radius 
of curvature must be 75 mm or less. 

(Relationship between the number of turns of bending and 
uniformity) 

Checking is done for the uniformity of the light exited 
from the exit terminal lib when the number of turns of bending 
at the annular portion 14 of the optical fiber 11 for 
irradiation-light transfer having a diameter of 0.88 mm is 
changed. The radius of curvature at the annular portion 14 
is set at 75 mm. The checking result is shown in Fig. 15. 

As shown from Fig. 15, it is found that by increasing 
the number of turns of bending at the annular portion 14 of 
the optical fiber 11 for irradiation-light, the uniformity of 
the exited- light is increased. 

This invention has been explained in detail and with 
reference to the specific embodiments, but it is apparent for 
those skilled in the art that this invention can be changed 
or modified in various manners without departing from the 
spirit and scope of the invention. 

This application is based on Japanese Patent Application 
(Japanese Patent Appln. No. 2004-074937) and - incorporated 
herein by reference . 
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Industrial Applicability 

In the optical fiber for irradiation-light transfer 
according to this invention, since the intermediate region is 
bent in the annular shape to form the annular portion, the 
crossing zone at the annular portion is fixed by the fixing 
member. For this reason, even if there are variations in the 
distribution of light quantity of the incident light from the 
incidence terminal, the variations in the distribution of light 
quantity can be surely eliminated so that the light with the 
uniform distribution of light quantity can be exited. 

Thus, without incurring transfer loss and an increase 
of costs, it is possible to transfer the light emitted from 
the light source and exit the light with the uniform 
distribution of light quantity. " This is particularly 
preferable for the case where the light from the light emitting 
diode having a little quantity of light is transferred. 
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